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ABSTRACT To identify regulatory elements that play a
role in transcription initiation in ancient eukaryotes, we have
analyzed the upstream regions of protein-cing genes from
Trichomonas vaginalis, one of the most ancient eukaryotes
studied to date. Characterization of seven protein-coding genes
from this protist invariably revealed the presence of a highly
conserved DNA sequence motif immediately u pstm of the
coding region. This 13-nt motif was shown to surround and
contain precise sites for transcription initiation. No typical
TATA boxes, positioned at 25-30 nt upstream of the tran-
scription start sites of these genes, were found. The start-site
regions from all seven T. vaginaijs genes impart strong specific
initiation of transcription in a mammalian in vitro transcription
assay. This consensus promoter element in an ancient eukary-
ote is similar, both structurally and functionally, to initiator
elements found in promoters of higher eukaryotes.

Transcriptional regulation of protein-coding genes has been
studied extensively in higher eukaryotes, leading to the
identification of conserved DNA sequence elements respon-
sible for the accurate initiation ofmRNA synthesis by RNA
polymerase II. At least two types of core promoter elements
exist, TATA boxes and initiator (Inr) elements. The TATA
box, a conserved element found in the promoter regions of
many genes, contains the sequence motif TATAAA (1, 2).
This TATA motif is usually located 25-30 bp 5' of the site of
transcription initiation and plays a critical role in start-site
selection and recruitment of the general transcription ma-
chinery to the promoter (1, 3). A second less-abundant class
of promoters lack a TATA box but contain an element called
an Inr, which surrounds the RNA start site and appears to
carry out the same functions as TATA (4-8). The remaining
core promoters contain both TATA and Inr elements or
neither.
The evolutionary origins of the structural components of

eukaryotic core promoters are not known. TATA-like pro-
moter sequences have been reported in archaebacteria (9). In
addition, the location of the TATA box relative to the
transcription start site is similar to the location of a critical
element found at -35 in eubacterial promoters, but it is not
clear whether this similarity is relevant to the origin of the
TATA box. The DNA-binding domain of the TATA-binding
protein has sequence similarity with prokaryotic o factors;
however, the similarity is restricted to the region of the a
factors thought to interact with the -10 element of bacterial
promoters (3, 4).
One reason for our lack of knowledge about the evolution-

ary origin of eukaryotic transcriptional control elements and
transcription initiation mechanisms is that, to date, the study

of eukaryotic transcription has been confined largely to
animals, plants, and fungi. As illustrated by the phylogenetic
tree shown in Fig. 1, these organisms encompass a relatively
limited range of eukaryotic evolution. Until recently, the
biological diversity represented by protist lineages has re-
ceived little attention by molecular biologists. The only
protists for which RNA polymerase II promoters have been
clearly defined are advanced protists: the slime mold, Dic-
tyostelium (12, 13), and the amoeba, Acanthamoeba (14)
(Fig. 1). Genes that have been analyzed from these organisms
appear to contain TATA boxes -30 bp from the transcription
start site (13-16). Furthermore, TATA-binding protein genes
similar to those isolated from higher eukaryotes have been
identified in Acanthamoeba and Plasmodium (14, 17).
We recently have begun an analysis of protein-coding

genes from a more primitive protist, Trichomonas vaginalis.
This flagellated protist is a sexually transmitted human par-
asite that is a common cause of vaginitis. Molecular phylo-
genetic studies using 18S and 28S rRNA (11, 18, 19) indicate
that this single-celled organism is among the most ancient
eukaryotes studied thus far. Trichomonas diverged from the
main line of eukaryotic descent prior to the divergence of
most other protist lineages (Fig. 1). Consistent with an early
divergence, trichomonads lack two hallmark organelles of
eukaryotic cells: mitochondria and peroxisomes (for review,
see refs. 20 and 21). Given its phylogenetic position, T.
vaginalis provides a system for identifying molecular prop-
erties of transcription in the earliest eukaryotic organisms.

In this communication, we report the presence of a highly
conserved DNA sequence motif found upstream of all T.
vaginalis protein-coding genes reported to date.' The 5' ends
of mapped mRNAs invariably begin within this conserved
sequence. This motif is also capable of imparting specific
transcription initiation in mammalian in vitro transcription
assays. These data indicate that the conserved element is a
core promoter that acts to direct the initiation site of tran-
scription.

MATERIALS AND METHODS
T. vaginalis Cultures. T. vaginalis cultures (ATCC 30001)

were grown in Diamond's medium, supplemented with 10%o
(vol/vol) horse serum and iron as described (22).
PCR Amplification. P-glycoprotein (Pgpl), 3-tubulin ((-

Tub), 70-kDa cytosolic heat shock protein (cHSP70), and the
a subunit of succinyl CoA synthetase (a-SCSB) were isolated

Abbreviations: Inr, initiator; Tub, tubulin; cHSP70,70-kDa cytosolic
heat shock protein; a-SCSB, a subunit of succinyl CoA synthetase;
Pgp, P-glycoprotein; Fd, ferredoxin; 3-SCS, P-subunit of succinyl
CoA synthetase.
§To whom reprint requests should be addressed.
IThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. aSCS, V07779; aTub, V07780;
BSCS, V07781; (3Tub, V07782; CHSP70, V07783; FD, V07784;
Pgpl, V07785).

4579

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. NatL. Acad. Sci. USA 91 (1994)

FIG. 1. Eukaryotic evolutionary tree inferred from 18S rRNA-
like sequence similarities. Alignments take into account both primary
and secondary structural features, using the distance matrix methods
of Fitch and Margoliash (10). The earliest diverging lineages, repre-
sented by Giardia lamblia and T. vaginalis, are amitochondrial
protists. The protists are a large diverse group that diverged long
before the relatively recent radiation of the major lineages leading to
fungi, plants, and animals (modified from ref. 11).

using PCRs. PCRs were performed using 1 ,ug or 100 ng of
genomic DNA in 50 mM KCl/10 mM Tris.HCl/1.5 mM
MgCl2/250 pmol of primer/all four dNTPs (each at 200 mM)/
2.5 units of Taq polymerase (Cetus). PCR cycling tempera-
tures used for Pgpl, cHSP70, and p-Tub were 95°C, 45°C, and
72°C. Cycling temperatures for a-SCSB were 950C, 520C, and
720C. Degenerate oligonucleotide primers were as follows:
Pgp, primer 1, (T/A)C(C/A/T)GG(T/C)T(C/G)(C/A)GG(T/
C)AAGTC(C/A/T)ACA, corresponding to the peptide (S/T)-
G(S/C)GKST, and primer 2, CT(C/T)TC(C/A/T)GG(T/
C)GG(T/C)CA(A/G)AAGCA(A/G), inversely complemen-
tary to LSGGQKQ; p-Tub, primer 1, TGGGC(C/T)A-
AGGG(C/T)CA(C/T)TA(C/T)ACA, corresponding to
WAKGHYT, and primer 2, GC(G/A)AAGGGTCC(G/
A)GT(T/C)GA(G/A)TTG, inversely complementary to RF-
PGQLN; cHSP70, primer 1, GG(C/T)AT(C/T)GA(C/
T)CT(C/T)GG(C/T)ACAACATA, corresponding to GIDL-
GTTY, and primer 2, GT(C/T)CG(G/A)TGTTTCCT(G/
A)CG(G/A)CC, inversely complementary to QATKDAG;
a-SCSB, primer 1, GT(C/T)ACACCAGG(T/C)AAGGG(C/
T)GG, corresponding to VTPGKGG, and primer 2, GC(C/
T)TC(G/A)TATGT(G/A)AGTGT(G/A)CC, inversely com-
plementary to GTLTYEA. Final PCR products were cloned
into the EcoRV site of pBluescript and sequenced by the
Sanger dideoxynucleotide method (United States Biochemi-
cal).

Isolation and Cloning of Genes. The genes for ferredoxin
(Fd) and the ,B subunit of succinyl CoA synthetase (p-SCS)
were cloned as described (23, 24). The a-Tub gene was
obtained by screening a T. vaginalis genomic library in
AEMBL3 (23) with a 32P-random-primed-labeled a-Tub
cDNA probe (pTbaT-cl) from Trypanosoma brucei (25).
Filters were washed to a final stringency of 3 x standard
saline citrate at 650C. PCR products, Pgp, p-Tub, cHSP70,
and a-SCSB, were used to screen either T. vaginalis
AEMBL3 (Pgp, cHSP70, and p-Tub) or AZAP genomic li-
braries (a-SCSB). The AEMBL3 library was made as de-
scribed (23). The AZAP (Stratagene) libraries were made
either by partially digesting total genomic DNA with Alu I,
blunting the ends with the Klenow fragment of DNA poly-
merase I, and adding Not I-EcoRI linkers or by completely
digesting the DNA with EcoRI. The fragments were ligated
into AZAP arms (Stratagene), packaged, and plated as rec-
ommended by the manufacturer. Libraries were screened

with either a random-primed 32P-labeled or digoxigenin-
labeled probe (Boehringer Mannheim). The clones isolated
using digoxigenin-labeled probes were identified by alkaline
phosphatase color reactions.
RNA Isolation. RNA was isolated by a LiCl/urea method.

Approximately 1010 cells were grown and harvested. The cells
were washed twice with l x phosphate-buffered saline (PBS)
and resuspended inS ml of 1 x PBS. Forty milliliters ofice-cold
3 M LiCl/6 M urea was added rapidly and the cells were
homogenized on ice in a Sorvall Omnimixer (model 17150) at
the highest speed for 1 min. The RNA was precipitated
overnight on ice. The RNA was pelleted in an SW28 rotor at
25,000 rpm at 40C for 1 h. The RNA was resuspended,
proteinase K-treated (0.2 mg/ml), and extracted with phenol/
chloroform. The RNA was resuspended and stored in ethanol.

Primer-Extension Analysis. Primers were made to se-
quences =125 nt from the predicted 5' end of the mRNAs.
Primers used are as follows: Fd, CGTGCTTGCAGATG-
CACTT; 13-SCS, AGCCTCTTCTGGGGAACG; a-Tub,
TGGGAGCTGGCCATCTGG; Pgp, TACCCATCTGT-
GATCGAA; a-SCSB, CTTGGATAACAACTCTT;
cHSP70, GGTGTTGTTCTGTTACCC; and P-Tub, GTGG-
TATGAACCTGTTGG. Primers were 5'-end-labeled with
[y-32P]ATP and T4 polynucleotide kinase (New England
Biolabs). Total T. vaginalis RNA was hybridized with the
32P-labeled primers in 250mM KCI/5mM Tris-HCl, pH 7.5/1
mM EDTA at 37°C for 90 min. Reverse transcriptase reac-
tions were performed at 37°C using Moloney murine leukemia
virus reverse transcriptase (BRL) with all four dNTPs (each
at 50 uM) as described (26). Sequencing was performed using
the Sanger dideoxynucleotide method (United States Bio-
chemical).
In Vito Transcription in HeLa Cells. Oligonucleotides

corresponding to the T. vaginalis Inr elements or the control
elements terminal deoxynucleotidyltransferase, R2549,
R2533, and dihydrofolate reductase were synthesized and
inserted into the BamHI and Sac I sites in plasmid III (27),
containing multiple Spl binding sites and a very weak TATA
box (28). Nuclear extracts were prepared as described (29).
In vitro transcription reactions were performed with 100 Mg
of unfractionated HeLa cell nuclear extracts and 300 ng of
template DNA. RNA was analyzed by primer-extension
analysis with a 32P-end-labeled SP6 promoter primer (28).
cDNA products were analyzed on an 8% denaturing poly-
acrylamide gel.

RESULTS
Characterization of Sequences Upstrem of T. vaginals

Protein-Coding Genes. As a step toward identifying DNA
sequence motifs that play a role in gene expression in
trichomonads, we have isolated and characterized seven T.
vaginalis protein coding genes. The genes encode Fd (23),
P-SCS (24), a-SCSB, a-Tub, cHSP70, Pgpl, and p-Tub.
These proteins represent different classes of molecules (e.g.,
cytoskeletal structural proteins vs. enzymes) that are found
in different locations in the cell (e.g., cytosolic vs. organel-
lar). Analysis of the DNA sequence upstream of the seven
genes identified a conserved pyrimidine-rich sequence motif
immediately 5' of the ATG initiation codon (Fig. 2). The
sequence conservation ofthis 13-nt motifis remarkable. In all
seven genes, 3 nt are absolutely conserved, the adenosine at
position + 1, the cytidine at position -1, and the thymidine at
position +3 (Fig. 2). In addition, a specific nucleotide is
conserved at positions -2, +7, +8, and +11 in six of the
seven genes. This conservation results in the strong consen-
sus sequence, TCA+'YTWYTCATTA. It is notable that no
appropriately spaced TATA boxes or other cis elements
commonly associated with RNA polymerase II promoters
were identified.

4580 Biochemistry: Quon et al.



Proc. Natl. Acad. Sci. USA 91 (1994) 4581
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FIG. 2. Conserved nucleotide sequence surrounding the transcription initiation sites of seven T. vaginalis protein coding genes. The 5'
sequences immediately flanking the ATG translational start codon of genes encoding the following proteins are shown: Fd (23), ,-SCSB (24),
a-SCSB, a-Tub, cHSP70, Pgpl, and ,-Tub. The conserved motif is boxed and a consensus sequence is listed below. Note that this motif is
identical for the a-SCSB and f-SCS genes. Arrows mark the site of transcription initiation, as mapped using primer-extension assays (see Fig.
3). Boldface arrows denote strong initiation sites; lightface arrows denote weaker sites. Nucleotides have been numbered by designating the
adenosine that is most frequently used as the initiation site +1.

Identification of Transcriptional Start Sites. To address the
biological relevance of this motif, we employed primer-
extension analyses to map the sites of transcription initiation
for each gene. Representative data are shown in Fig. 3 for the
a-Tub and t3-Tub genes and the cHSP70 gene. The 5' ends of
the mRNA for all seven genes are indicated by arrows above
the sequences in Fig. 2. Without exception, the predominant
transcripts began within the conserved 13-nt motif, either at
an invariant adenosine or ±1 nt from this residue. The 5' end
of mRNAs that do not map to an adenosine map to either an
adjacent cytidine or thymidine. Minor start sites were also
observed in five genes (indicated by smaller arrows). All
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FIG. 3. Primer-extension analysis to determine transcriptional
initiation sites in T. vaginalis genes. 32P-end-labeled primers were
hybridized to total RNA and primer-extension reactions were per-
formed with Moloney murine leukemia virus reverse transcriptase as
described (30). (A) Primer-extension reaction using primers to the
a-Tub gene. The primer-extension product is shown in lane PE. The
sequence ladder reads G, A, and T. (B) Same as A except primers
correspond to the f-Tub gene and the sequence ladder is G, A, T, and
C. The primer-extension product is in lane PE. (C) Same as B except
primers correspond to cHSP70.

primer-extension experiments have been repeated several
times with different mRNA preparations. Nonetheless, it
should be noted that reverse transcriptase may terminate a
few nucleotides from the end of the template and thus the
mapped sites may, in fact, not represent the exact 5' end of
the transcripts. For the Fd and 13-SCS mRNAs, the primer-
extension results were confirmed by S1 nuclease analyses,
which also localized the 5' ends to nucleotides within the
conserved motif (23, 24). These mRNAs have been shown to
contain a 5' cap structure (data not shown). Furthermore,
sequence comparison of the 5' ends of the cDNA and
genomic clones for Fd and ,3-SCS shows colinearity (23, 24),
eliminating the possibility that the 5' ends undergo trans-
splicing as occurs in kinetoplastid protists (31-33). Thus,
these observations provide strong evidence that the 5' ends
mapped for the mRNAs correspond to the site of transcrip-
tion initiation and not a 5' processing site.
Given the consistent location ofthe transcription start sites

within the 13-bp DNA sequence motif and its remarkable
degree of sequence conservation, we propose that this motif
acts as an Inr element, by recruiting theRNA polymerase and
associated transcription factors necessary for accurate tran-
scription initiation.
In Vitro Transcription in HeLa Cell Nuclear Extracts. The

similarity between the T. vaginalis Inr element and those of
higher eukaryotes led us to test the ability of the T. vaginalis
Inr elements to direct the initiation of RNA synthesis in a
mammalian in vitro transcription assay. Inr elements from T.
vaginalis (from positions -6 to +11 relative to the adenosine
at +1) were inserted into a plasmid containing multiple
binding sites for transcription factor Spl but lacking a strong
TATA box (27). These plasmids were then incubated with
HeLa cell nuclear extracts and NTPs. All Inr elements were
inserted into the same location in the plasmid, so that
transcription initiation from the predicted site would produce
the same size cDNA products upon analysis ofthe transcripts
by primer extension.
Each of the seven T. vaginalis sequences imparted strong

Inr activity in the heterologous system, as indicated by the
fact that the presence of a T. vaginalis Inr element greatly
enhanced the efficiency of transcription originating from a
site located within the element (Fig. 4). Each of the tricho-
monad Inr elements was almost as strong as the well-
characterized mammalian terminal deoxynucleotidyltrans-
ferase Inr (lane 1) (7, 28, 29). The transcripts produced in vitro
initiated specifically at the predicted adenosine (indicated by
the arrow in Fig. 4) with the exception of those directed by
the cHSP70 Inr, which appeared to initiate at both the

C G A A T G

A A T G

T G L

T G A T G

Biochemistry: Quon et al.



Proc. NatL. Acad. Sci. USA 91 (1994)

* I ll**

3 2 3 4 5 6 e 9 10

TddT
R2549
R2533
.-Scs
cx-SCSB
(X-Tub
CHsp 70
Pgpl
5-Tub
FD

dhfir

II

GCCCTCATTCTGGAGAC
GCCCCCACTTTTCTAC
GTTCTCACCCCCCrCT

TTGATCACTTCACATTA
TTGTTCACTTCACATTA
AGTGTCACTCTTCATCA
CATCTCATTTTTAATA
CAGACCATTAATCATTA
AATATCATTATTCACAT
TACTTCACTTCTCTTTA

GGCGCCAAACTTG£CGG

FIG. 4. In vitro transcription in HeLa nuclear extracts using T.
vaginalis Inr elements. HeLa cell nuclear extracts were prepared as
described (29). In vitro transcription assays were performed and
analyzed by primer extension with an SP6 promoter primer (28). The
expected products of 79 nt are indicated by the arrow. The reactions
contained. plasmids with the terminal deoxynucleotidyltransferase
(TdT) Inr (lane 1), the R2549 and R2533 Inr elements (lanes 2 and 3),
the seven T. vaginalis Inr elements (lanes 4-10, specific Inr elements
indicated above each lane), and the mammalian dihydrofolate re-
ductase (dhfr) Inr (lane 11) (34).

adenosine and the adjacent thymidine. The sequence speci-
ficity of this assay is clearly demonstrated by the lack of
initiation observed for two negative control elements, R2549
and R2533 (lanes 2 and 3). These elements contain the
sequence CA (-1 and +1) surrounded by an array of pyrim-
idines that do not create functional Inr elements (35). It is also
noteworthy that the T. vaginalis sequences are stronger Inr
elements in the mammalian extract than the basal Inr derived
from a mammalian dihydrofolate reductase promoter (34, 35)
(lane 11).
The ability of T. vaginalis Inr elements to direct accurate

transcription initiation in HeLa nuclear extracts and the
observation that the 5' ends of T. vaginalis mRNAs invari-
ably begin within this conserved motif provide strong evi-
dence that this motif functions as an Inr in vivo. Direct
functional testing of these elements must await the develop-
ment of transformation and in vitro transcription assays for
Trichomonas.

DISCUSSION
To date no RNA polymerase II promoter elements have been
clearly defined in ancient protists. To this end, we have

isolated and compared the sequences immediately upstream
of seven T. vaginalis protein coding genes. These sequences
represent all those currently available for comparison. The
upstream sequences of all seven genes contain the consensus
sequence, TCAYTWYTCATTA. Furthermore, the 5' ends
of the mRNAs encoded by the genes invariably map within
this conserved motif and the motif is capable of directing
specific transcription initiation in HeLa cell nuclear extracts.
These data strongly suggest a role for this element in tran-
scription initiation, similar to that previously defined for Inr
elements in higher eukaryotic genes.
The conservation of the element 5' of T. vaginalis protein

coding genes is striking. The consensus start site adenosine
is conserved in all seven genes, as well as the thymidine at -1
and the cytidine at +3. In addition, six of the seven genes
contain the same nucleotides in four other positions (Fig. 2).
The sequences of Inr elements in higher eukaryotes are not
as highly conserved as those identified in T. vaginalis.
However, recent functional studies of a large series of
random and mutant Inr elements have established a loose
consensus sequence for mammalian Inr activity as
YCA+1NTYY, where Y is a pyrimidine (35). Furthermore, a
survey of >500 higher eukaryotic genes revealed that cyti-
dine at -1, adenosine at + 1, and thymidine at +3 are the
three most highly conserved nucleotides at the start-site
regions of these genes (2). Interestingly, these are the nucle-
otides that are strictly conserved in the Inr elements of T.
vaginalis.
Examination of the DNA sequences upstream of the Inr

elements failed to reveal appropriately spaced TATA boxes
or other cis elements frequently associated with eukaryotic
RNA polymerase II promoters (1, 36). However, our current
data do not preclude the presence of distal TATA elements.
TATA activity can be imparted by numerous A+T-rich
sequences and the sequence upstream of the T. vaginalis
transcription start sites is unusually A+T-rich. Nonetheless,
this high A+T content and the lack ofa consensus TATAAA
motifat -30 (orany fixed distance from the start site) indicate
that ifa TATA-like box does exist, it is unlikely to determine
the precise transcription start site. Instead, such TATA
boxes might be similar to those in S. cerevisiae promoters
that have a more flexible location relative to the start site and
do not direct the precise position of the start site (37). It
should be noted, however, that this flexible spacing found in
S. cerevisiae genes apparently is not a precursor to the
restricted TATA boxes found in mammals, as plants are
evolutionarily more primitive than fungi (see Fig. 1) yet
contain TATA boxes restricted to the -30 location.
The conserved spacing of this apparent Inr relative to the

ATG initiation codon is intriguing. The ATG is directly
adjacent to the 3' end of the Inr in four ofthe seven examined
genes and, at maximum, the Inr element and the initiation
codon are separated by only 4 nt (Fig. 2). This obviously
results in mRNAs that contain unusually short 5' untrans-
lated regions (6-15 nt). This trait has previously been noted
as an invariant feature of the mRNAs from the only other
amitochondriate protists reported, G. lamblia (38-40) and E.
histolytica (41-44). Furthermore, it is intriguing that a survey
of the literature reveals a conservation of the sequences
surrounding the apparent transcription initiation sites of
protein-coding genes of G. lamblia (38-40) and E. histolytica
(41-44). The 5' end of the only four reported Entamoeba
mRNAs maps within the sequence ATTCA. The 3' end of
this sequence is only 7-12 nt upstream of the ATG initiation
codons of these genes. Interestingly, this pentamer contains
an absolutely conserved TCA sequence, similar to that
observed in the T. vaginalis Inr elements. The 5' ends of the
majority of reported Giardia mRNAs begin within a short
oligo(T)-oligo(A) sequence that abuts the ATG initiation
codon (38-40). Consistent with the findings reported here for
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T. vaginalis genes, E. histolytica and G. lamblia genes also
lack appropriately spaced TATA boxes (38-44). In fact,
obvious TATA boxes have yet to be observed :30 nt
upstream of the transcription start site of protein-coding
genes found in any protist lineage (26, 45-49) prior to the
lineage that gave rise to Dictyostelium (Fig. 1).

T. vaginalis is the most ancient eukaryote for which a
highly conserved motif that appears to play a role in tran-
scription has been reported. The conservation of this element
in all protein-coding genes analyzed from T. vaginalis and its
ability to direct transcription in vitro strongly suggest that the
Inr is an essential element for basal gene transcription in
trichomonads. Because the T. vaginalis genome is simpler
and requires less regulatory complexity than is needed in
higher eukaryotes, promoter strength may rely heavily on
this element. It is interesting to note that several of the genes
appear to contain tandem repeats of the sequence CANT
within the 13-bp conserved motif. Perhaps the presence of
more than one Inr element may create a stronger promoter.
Direct analysis of the role this Inr element plays in gene
transcription awaits the development of a transformation or
an in vitro assay in Trichomonas.
The structural and functional similarity of T. vaginalis and

mammalian Inr elements is intriguing. Given that early eu-
karyotes may be as ancient as eubacteria and archaebacteria
(50), it is tempting to speculate that Inr elements arose early
during evolution and were later supplemented by TATA
elements. Identification of additional promoters in amito-
chondrial protists and other primitive eukaryotes will help
address this possibility. Such studies should also lead to a
better understanding of the evolution of eukaryotic promoter
structure.
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